Background: Mammography has different effects on the epidemiology of breast cancer, i.e., while increasing the registered incidence it can reduce mortality. This study was aimed at obtaining quantitative estimates of the impact of mammography on breast cancer detection.
Introduction
Mammographic screening for breast cancer has contrasting effects on the descriptive epidemiology of the disease. While mortality, in fact, is likely to be reduced by mammography, its certified incidence is probably increased. This may explain some apparently surprising features of breast cancer epidemiology, such as the observation that the highest-incidence areas are concentrated in North America, while the highest-mortality ones are in Britain and northern Europe [1] .
Data from Washington State [2] and metropolitan Atlanta, GA, [3] , U.S.A., indicated that mammography partly accounts for the increase in disease incidence. The proportion, however, may vary from 25% to 100%, depending on the study design and age group, and tends to be larger in middle age women. Different conclusions were reached on the basis of a comparison of breast cancer trends in two Dutch cities with different mammography patterns, where there was little evidence of overdiagnosis in populations covered by screening programmes [4] .
The problem of assessing the relative and absolute impact of mammography on breast cancer detection can, in principle, be addressed using a case-control design. A similar approach has been used to evaluate the role of cervical screening in the prevention of cervical cancer [5, 6] . In this latter case, however, screening can prevent invasive disease, whereas mammography can only anticipate the diagnosis of breast cancer, and hence avert some breast cancer deaths [7] [8] [9] .
To provide information on the role of mammography in breast cancer detection, a case-control approach was applied to data from a large case-control study of breast cancer conducted in northern Italy.
Subjects and methods
The data were obtained from an ongoing case-control study of breast cancer, whose design has already been described |10|. Briefly, from January 1983 trained interviewers questioned women admitted for breast cancer and for a wide spectrum of acute, nonneoplastic conditions (controls) to university and general hospitals in the greater Milan area. The overall participation rate was over 97% for both cases and controls.
Information was collected using a structured questionnaire concerning socio-demographic factors and general characteristics and lifestyle features, frequency of use of selected indicator foods, a problem-oriented medical history, reproductive and menstrual factors, and use of selected drugs including female hormones for contraception and other indications. Beginning in 1985, information was added on the total number of screening mammograms and ages at times of the first and last ones. Thus, the present analysis is restricted to cases and controls interviewed between 1985 and June 1991. For cases, mammographies potentially associated with (or responsible for) the diagnosis of breast cancer were excluded, if done after the first suspicion of the actual condition.
The patients were women less than 75 years old with histologically-confirmed breast cancer diagnosed during the year prior to interview, who were admitted to the National Cancer Institute and the Ospedale Maggiore of Milan, which includes the four largest teaching and general hospitals in the area. A total of 2596 women, aged 23 to 74 (median 53 years) was included in the present analysis.
The control group consisted of women with acute, non-neoplastic conditions other than breast, gynaecological or hormone-related diseases admitted to the same network of hospitals where cases had been identified. 2005 controls (aged 22 to 74, median age 54 years) were considered. Of these, 33% were admitted for traumatic conditions, 30% for non-traumatic orthopaedic disorders (such as low back pain or disc disorders), 16% for acute surgical diseases, and 21% for various other illnesses such as ear, skin, nose and throat or dental disorders. The catchment area of cases and controls was comparable: 83% of the cases and 88% of the controls came from the same region, Lombardy, and 89% of the cases and 94% of the controls from northern Italy.
Data analysis and control of confounding
The odds ratio (OR) was used to estimate the relation between mammographic screening and breast cancer detection, with the corresponding 95% confidence interval (CI) |111. Allowance for age was made by the Mantel-Haenszel procedure (12|. Multiple logistic regression, Fitted by the method of maximum likelihood [11, 13], was used to allow simultaneously for age, area of residence, education, history of benign breast disease (BBD) and breast biopsies, history of breast cancer in first-degree relatives, nulliparity/age at first birth, menopausal status, body mass index, use of oral contraceptives and oestrogen replacement treatment for menopause. Table 1 gives the distribution of breast cancer cases and the comparison group according to age and selected covariates. Cases were more educated, had a more frequent history of benign breast disease or breast biopsies and history of breast cancer in first-degree relatives. They also tended to have later first births, greater body mass index, and to report more frequent use of oral contraceptives and oestrogen replacement treatment. Table 2 gives the relationship between mammography and breast cancer risk. Among cases, 15.6% reported one mammography and 9.7% two or more; the corresponding values among the controls were 13.6 and 5.1%. The age-adjusted breast cancer odds ratios were 1.3 (95% CI 1.1 to 1.5) for one mammography and 2.0 (95% CI 1.6 to 2.6) for two or more. The test for linear trend was significant. When allowance was made for major identified potential distorting factors, however, the OR decreased to 1.0 (95% CI 0.8 to 1.2) for one and 1.3 (95% CI 1.0 to 1.8) for two or more mammographies, and the linear trend in risk was no longer significant. Similar analyses were also conducted in strata of age and selected covariates ( Table 3 ). The association between mammography and breast cancer detection was apparently stronger for younger and pre-menopausal women, among more educated women and those with no previous history of benign breast disease or breast biopsy, and among women with a history of breast cancer in first-degree relatives. Mammography seemed to have little impact on the subgroup of women who reported histories of benign breast disease and breast biopsies. No apparent interactions were observed among parity and age at first birth, body mass index, and use of oral contraceptives and oestrogen replacement therapy for menopausal symptoms.
Results

Discussion
The present study confirms an apparent association between mammography and breast cancer diagnosis, which, however, was largely or totally explained by selective screening, since appreciable interactions were observed between education, history of benign breast disease and breast biopsy and family history of breast cancer. If this confirms, on an epidemiological level, that the relationship between mammography and breast cancer is incidental, the unadjusted ratios are of interest on a public health scale, since they give a measure of the impact of mammography on breast cancer detection, aside from reasons for selective screening. Thus, this increased risk represents an indirect association that, in theory, may be accounted for by two mechanisms (a third, the hypothesis of a direct carcinogenic effect of mammographies, is clearly untenable): a) women who are at increased risk of breast cancer because of pre-existing risk factors tend to have more frequent mammographies; and b) breast cancers in women who have frequent mammographies are more likely to be diagnosed (or tend to be diagnosed earlier). These two explanations of the observed association are not mutually exclusive. The first one (incidental association) predicts that the increased risk should disappear when the true risk factors for breast cancer are adjusted for. In our data, adjustment for several known risk factors for breast cancer substantially reduced the strength of the association, although a moderate excess was still present for women reporting 2 or more mammographies. Interestingly, in subgroup analyses an interaction was observed between history of BBD, history of breast biopsies, education and age.
The second explanation (real association) predicts that the association should be strongest in subgroups in which the diagnostic accuracy of mammography is highest, i.e., among elderly, postmenopausal women. The opposite was observed, as OR estimates decreased with increasing age, suggesting that screening mammographies are unlikely to be a cause of increased incidence. The estimates of this study are based on several assumptions, which are open to debate. First, recruitment was hospital-based and, since the area under surveillance is not covered by a cancer registration scheme, there was no possibility of checking whether the patients were representative for all incident cases. Still, the study scheme included the major public hospitals of the greater Milan area, where the large majority of cases are referred, thus leaving limited scope for major selection mechanisms. Another of the main limitations of this study is the absence of accurate information on stage of disease, which makes it impossible to verify the hypothesis that screening has a major impact on early stages [18, 19] .
Since the comparison group comprised patients ad- 2.0(1.6-2.6) 2.0 (0. 5-7.4) mitted to hospital for a number of acute conditions, some bias in the estimates might have been introduced if the frequency of mammography in this group was different from that in the general population. Specific exclusion was made, however, of any diagnosis potentially related to breast cancer, which may have influenced the pattern of mammography screening. Among the strengths of this study, on the other hand, are the virtually complete participation and the similarity of the inverview setting of cases and controls, which should have optimized the comparability of information (although more accurate recall of mammography by the cases is still possible) and the consistent associations observed with most known risk factors for breast cancer [10] .
Thus, the present study indicates that it is possible, using a case-control approach, to obtain an estimate of the impact of mammography on breast cancer detection which compares well with the estimates derived using different methods in U.S. populations, where the frequency of mammography screening is considerably higher than in Italy [2, 3, [20] [21] [22] . Moreover, this study makes a useful contribution to our understanding of the different patterns of breast cancer incidence and mortality in various populations [ 1 ] .
